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TECHNICAL FIELD 

The invention relates to an electroless plating method for applying 
electroless plating to an object to be plated, made of a constituent 
material to which an electroless plating can not be directly applied, and 

10 in particular, to an electroless plating method suited for forming a 
conductive film on end faces of respective thermoelectric 
semiconductors of a thermoelectric device block. 
BACKGROUND TECHNOLOGY 

As a thermoelectric device generates a voltage if the opposite ends 

15 thereof are maintained at different temperatures, the same is utilized for 
thermoelectric power generation, and conversely, if electric current is 
caused to flow therethrough, an exothermic reaction occurs at one end 
thereof while an endothermic reaction occurs at the other end thereof. 
Accordingly, the same is also utilized in a cooling apparatus, and so 

2 0 forth, making use of an endothermic phenomenon. Because such a 
thermoelectric device as described above is simple in construction, and 
has an advantage over other electric power generators in implementation 
of miniaturization, and so forth, hopes run high that the same will be 
applied to portable electronic equipment such as an electronic wrist 

2 5 watch. 

The thermoelectric device is made up of a plurality of 
thermocouples arranged in series, each composed of a, p-type 




semiconductor thermoelectric material and an n-type semiconductor 
thermoelectric material. The construction of such a common type 
thermoelectric device as above is described with reference to Fig. 19. 

A thermoelectric device 10 shown in Fig. 19 has a thermoelectric 
5 device block 11 wherein p-type thermoelectric semiconductors 1 and 
j n-type thermoelectric semiconductors 1 are alternately disposed with an 
insulation layer 4 made of epoxy resin, interposed therebetween, 
respectively. A conductive film 3 provided on an end face of the 
respective thermoelectric semiconductors 1, on opposite sides thereof, is 

1 0 connected with a wiring electrode 6 made of copper or gold, provided 
on substrates 7, respectively, through the intermediary of respective 
connection layers 5, thereby rendering the thermoelectric device block 
11 electrically continuous with the substrates 7, and connecting the 
respective thermoelectric semiconductors 1 with each other in series. 

15 Prior to connecting the thermoelectric device 10 with the 

substrates 7, the conductive film 3 is formed on the end face of the 
respective thermoelectric semiconductors 1, on the opposite sides 
thereof, to be connected with the respective wiring electrodes 6. This 
is necessary for the following reasons. 

2 0 The connection layers 5 are provided in order to ensure electrical 

continuity between the respective thermoelectric semiconductors 1 and 
the respective wiring electrodes 6, however, if the connection layers 5 
are formed of solder, tin contained therein is diffused into the respective 
thermoelectric semiconductors 1, causing deterioration in performance 

2 5 of the thermoelectric device 10. Accordingly, it is necessary to form 
the conductive films 3 for elimination of such a risk and to ensure 
wettability of solder. Further, in the case of forming the connection 
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layers 5 from a conductive adhesive, it is necessary to form the 
conductive films 3 having a low contact resistance against the 
conductive adhesive because of a large contact resistance between the 
respective thermoelectric semiconductors 1 and the conductive 
5 adhesive. 

In the case of forming a metallic film on a thermoelectric 
semiconductor, serving as a conductive film, plating is generally 
adopted. In applying plating, an electroless plating method using a 
self-catalyzing type electroless plating bath is advantageous in terms of 

1 0 productivity. It is not possible, however, to apply electroless plating to 
a thermoelectric semiconductor composed of an intermetallic compound 
of a bismuth-tellurium base or an antimony-tellurium base. 

For this reason, in the case of forming a conductive film on the 
surface of material such as a thermoelectric semiconductor to which it is 

1 5 not possible to apply electroless plating, it has been a normal practice to 
apply electroplating thereto. 

For the formation of the conductive film on the surface of the 
thermoelectric semiconductor by electroplating, however, electric power 
needs to be supplied to the thermoelectric semiconductor, which has 

2 0 caused a problem in that the thickness of a plating film formed becomes 
thinner according as a distance from the point of power supply increases 
due to a voltage drop caused by a resistance value of the thermoelectric 
semiconductor. This has resulted in fluctuation in the thickness of the 
conductive film made up of the plating film, thereby impairing an effect 

2 5 of preventing diffusion of tin contained in solder, and adversely 
affecting wettability of solder. 

In JP1 1-186619, a method of applying electroless plating by 



providing a thermoelectric semiconductor with a catalyst, such as 
platinum, palladium, and so forth, is disclosed as a method of forming a 
conductive film on a constituent material to which it is not possible to 
apply electroless plating. 

This method, however, is a method whereby electroless plating is 
implemented by providing a catalyst as seed crystals, and is a method 
generally adopted for forming a conductive film on plastics. With the 
method described, there is eliminated the abovementioned problem of 
uneven thickness of the plating film formed by electroplating, but the 
following problem has been encountered. 

That is, with this method, since adsorption of the catalyst to serve 
as the seed crystals occurs to parts other than the thermoelectric 
semiconductor, selectivity on regions where the conductive films are to 
be formed will be lost upon dipping the thermoelectric semiconductor in 
an electroless plating bath, causing a problem that the formation of the 
conductive films occurs to unnecessary regions as well, for example, on 
the surface of insulators. 

Thus, there have so far existed not only a problem that it has not 
been possible to form the conductive films on the surface of a 
constituent material to which it is not possible to apply electroless 
plating, but also a problem that selectivity on the regions where the 
conductive films are to be formed has been lost even if the conductive 
films have been formed by electroless plating. 

In particular, the thermoelectric device comprises thermoelectric 
semiconductors which are very small in size, and has sometimes a 
minuscule structure wherein the thermoelectric semiconductors are 
disposed at an interval between the adjacent thermoelectric 



semiconductors, in a range of several to several tens of \im. The more 
minuscule the structure of the thermoelectric device, the more difficult it 
becomes to form the conductive films selectively only on the 
thermoelectric semiconductors. It is therefore a major problem in the 
fabrication of the thermoelectric device to selectively form the 
conductive films by electroless plating. 

The invention has been developed to solve those problems, and an 
object of the invention is to provide an electroless plating method 
whereby conductive films can be formed even on the surface of a 
constituent material to which it is not possible to apply electroless 
plating, and further, to selectively form the conductive films uniform in 
thickness on end faces of respective thermoelectric semiconductors 
formed of a constituent material to the surface of which it is not possible 
to apply electroless plating, thereby enhancing productivity and 
reliability of a thermoelectric device as fabricated. 

DISCLOSURE OF THE INVENTION 

An electroless plating method according to the invention 
comprises the steps of forming a metallic film made of a metal on which 
an electroless plating film can be deposited on part of the surface of an 
object to be plated, or causing the metal to be in contact with part of the 
surface of the object to be plated, made of a constituent material to 
which an electroless plating can not be applied, and dipping the object to 
be plated having the metallic film formed thereon or having the metal in 
contact therewith in an electroless plating bath. 

Further, the electroless plating method according to the invention 
may comprise the steps of forming a metallic film made of a metal on 




which an electroless plating film can be deposited on part of the surface 
of an object to be plated, or causing the metal to be in contact with part 
of the surface of the object to be plated, made of a constituent material 
to which an electroless plating can not be applied, dipping the object to 
5 be plated having the metallic film formed thereon or having the metal in 
contact therewith in an electroless plating bath, and forming an 
electroless plating film on the entire surface of the object to be plated, 
containing the metallic film or the metal, removing the metallic film or 
the metal, and portions of the electroless plating film, covering up the 

1 0 metallic film or the metal, from the object to be plated, and dipping 
again the object to be plated subjected to the steps described above in 
the electroless plating bath. 

With any of the electroless plating methods described above, the 
object to be plated may be made of plural kinds of constituent materials 

15 or may be a thermoelectric semiconductor. 

Further, with any of the electroless plating methods described 
above, the electroless plating film may be formed so as to have a 
dual-layer structure comprised of not less than two metallic films. 

The electroless plating method according to the invention, applied 

2 0 to the fabrication of a thermoelectric device, may comprise the 
following respective steps: 

(1) the step of forming a metallic film made of a metal on which an 
electroless plating film can be deposited on one of end faces of a 
thermoelectric device block formed integrally with a plurality of 

2 5 bar-shaped thermoelectric semiconductors, disposed with an insulation 
layer interposed therebetween, respectively; 

(2) the step of dipping the thermoelectric device block having the 
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metallic film formed thereon in an electroless plating bath, and forming 
an electroless plating film on the metallic film and the other end face of 
the respective thermoelectric semiconductors, on the side thereof, 
opposite from the end face on which the metallic film is formed; 
5 (3) the step of removing the metallic film and a portion of the electroless 
plating film, covering up the metallic film; and 

(4) the step of dipping again the thermoelectric device block subjected 
to the steps described above in the electroless plating bath, and forming 
an electroless plating film on the end face of the respective 

1 0 thermoelectric semiconductors from which the metallic film is removed. 

With the electroless plating methods described above, the 
following steps (5) to (8) may be substituted for the abovementioned 
steps (l)to (4): 

(5) the step of causing a metal on which an electroless plating film can 
15 be deposited to be in contact with a part of at least one of end faces of 

respective thermoelectric semiconductors of a thermoelectric device 
block formed integrally with a plurality of bar-shaped thermoelectric 
semiconductors, disposed with an insulation layer interposed 
therebetween, respectively; 
2 0 (6) the step of dipping the thermoelectric device block having the metal 
in contact therewith in an electroless plating bath, and forming an 
electroless plating film on the entire surface of the respective 
thermoelectric semiconductors, except the part thereof, in contact with 
the metal, 

2 5 (7) the step of separating the metal in contact with the respective 
thermoelectric semiconductors therefrom; and 

(8) the step of dipping again the thermoelectric device block subjected 
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to the steps described above in the electroless plating bath, and forming 
an electroless plating film on the part of the end faces of the respective 
thermoelectric semiconductors, in contact with the metal. 

Further, with the electroless plating methods described above, the 
following steps (9) and (10) may be substituted for the abovementioned 
steps (1) to (8): 

(9) the step of forming a metallic film made of a metal on which an 
electroless plating film can be deposited on an end face of respective 
insulation layers disposed on the side of one of end faces of a 
thermoelectric device block formed integrally with a plurality of 
bar-shaped thermoelectric semiconductors, disposed with the respective 
insulation layers interposed therebetween, such that the metallic film 
spans the respective insulation layers and a portion of respective end 
faces of both the thermoelectric semiconductors adjacent to each other 
across the respective insulation layers alternately disposed; and 

(10) the step of dipping the thermoelectric device block having the 
metallic film formed thereon in an electroless plating bath, and forming 
an electroless plating film on the metallic film and both end faces of the 
respective thermoelectric semiconductors with the metallic film formed 
on the portion of the end face thereof. 

Still further, with the electroless plating methods described above, 
the following steps (11) and (12) may be substituted for the 
abovementioned steps (1) to (8): 

(11) the step of forming a metallic film made of a metal on which an 
electroless plating film can be deposited on either an end face or the 
other end face of respective insulation layers, alternately, on the sides of 
both end faces of a thermoelectric device block formed integrally with a 
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plurality of bar-shaped thermoelectric semiconductors, disposed with 
the respective insulation layers interposed therebetween, such that the 
metallic film spans the respective insulation layers and a portion of 
respective end faces of both the thermoelectric semiconductors adjacent 
to each other across the respective insulation layers; and 
(12) the step of dipping the thermoelectric device block having the 
metallic film formed thereon in an electroless plating bath, and forming 
an electroless plating film on the metallic film and both end faces of the 
respective thermoelectric semiconductors with the metallic film formed 
on the portion of the end face and the other end face thereof. 

Yet further, with any of the electroless plating methods 
comprising the abovementioned steps (1) to (12), use may be made of 
the thermoelectric device block provided with an exposed outer sidewall 
face of respective thermoelectric semiconductors positioned at opposite 
ends in the direction along which the respective thermoelectric 
semiconductors are arranged, and an electroless plating film may be also 
formed on the exposed outer sidewall faces as well in the step of 
forming the electroless plating film. 

Further, in the case of applying the electroless plating method 
according to the invention to the fabrication of a thermoelectric device, 
the electroless plating method preferably comprises the step of rendering 
the end face of the thermoelectric device block into a rough surface 
prior to the step of forming the electroless plating film on the 
thermoelectric device block. 

Still further, the electroless plating method preferably comprises 
the step of cleaning the thermoelectric device block before or after the 
step of forming the electroless plating film on the thermoelectric device 




BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a state wherein a metallic film 
made of a metal on which an electroless plating film can be deposited is 
formed on part of the surface of a thermoelectric semiconductor by the 
invention; 

Fig. 2 is a sectional view showing a state wherein a conductive 
film according to an electroless plating film is formed on the entire 
surface of the thermoelectric semiconductor and the metallic film; 

Fig. 3 is a sectional view schematically showing a thermoelectric 
device block to which electroless plating is applied by the invention; 

Figs. 4 to 8 are sectional views sequentially showing respective 
steps of applying electroless plating to the thermoelectric device block 
according to a first embodiment of the invention; 

Figs. 9 to 1 1 are sectional views sequentially showing respective 
steps of applying electroless plating to the thermoelectric device block 
according to a second embodiment of the invention; 

Figs. 12 and 13 are sectional views sequentially showing 
respective steps of applying electroless plating to the thermoelectric 
device block according to a third embodiment of the invention; 

Figs. 14 to 16 are sectional views sequentially showing respective 
steps of applying electroless plating to the thermoelectric device block 
according to a fourth embodiment of the invention; 

Fig. 17 is a sectional view showing a state wherein probes are 
caused to be in contact with the thermoelectric device block in applying 
electroless plating to the thermoelectric device block according to the 




first embodiment of the invention; 

Fig. 18 is a sectional view showing state wherein the metallic film 
is formed on the another thermoelectric device block in applying 
electroless plating to the thermoelectric device block according to the 
5 fourth embodiment of the invention; and 

Fig. 19 is a sectional view schematically showing the construction 
of a common type thermoelectric device. 

BEST MODE FOR CARRYING OUT THE INVENTION 
1 0 Preferred embodiments of an electroless plating method according 

to the invention are described hereinafter with reference to the 
accompanying drawings. First, the basic embodiment of the electroless 
plating method according to the invention is described with reference to 
Figs. 1 and 2. 
1 5 Basic Embodiment: Figs. 1 and 2 

Fig. 1 is a sectional view showing a state wherein a metallic film 
made of a metal on which an electroless plating film can be deposited is 
formed on part of the surface of a thermoelectric semiconductor which 
is an example of an object to be plated, made of a constituent material to 
2 0 which an electroless plating can not be directly applied. 

A thermoelectric semiconductor 8 is formed in a block shape, and 
is generally made of an intermetallic compound selected from the group 
consisting of bismuth-tellurium based compound, antimony-tellurium 
based compound, bismuth-tellurium-antimony based compound, 
2 5 bismuth-tellurium-selenium based compound, and so forth, but the same 
may be formed of an intermetallic compound selected from the group 
consisting of lead-germanium based compound, silicon-germanium 



based compound, and so forth, although not limited particularly to those 
mentioned above. 

In applying the electroless plating method according to the 
invention, a metallic film 2 made of a metal on which an electroless 
plating film can be deposited is first formed on part of the surface of the 
thermoelectric semiconductor 8 by the vacuum deposition method, the 
sputtering method, or so forth as shown in Fig. 1. The metallic film 2 
formed at this point in time may be made of any metal causing 
deposition of a metal in an electroless plating bath. For example, in the 
case of executing electroless nickel plating, use is made of a metal such 
as palladium, platinum, nickel or so froth. Further, the metallic film 2 
may be formed by disposing a conductive resin such as a conductive 
paste, composed of particles of a metal on which an electroless plating 
film can be deposited and insulating resin, by the printing method, and 
so forth, besides by the vacuum deposition method, or the sputtering 
method. 

Thereafter, the thermoelectric semiconductor 8 with the metallic 
film 2 formed thereon is dipped in an electroless plating bath (not 
shown), whereupon an electroless plating film is first deposited on the 
surface of the metallic film 2. Because the metallic film 2 is in contact 
with the thermoelectric semiconductor 8 at this point in time, the 
potential of the thermoelectric semiconductor 8 relative to the 
electroless plating bath (a condition for effecting transfer of electrons 
with the metal in electroless plating bath) undergoes a change, thereby 
allowing the electroless plating film to be deposited on the 
thermoelectric semiconductor 8. Accordingly, the electroless plating 
film deposited from the metallic film 2 spreads out to the thermoelectric 
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semiconductor 8, so that a conductive film 3 according to the electroless 
plating film having a uniform thickness is formed on the entire surface 
of the thermoelectric semiconductor 8 and the metallic film 2 as shown 
in Fig. 2. 

5 In the case of a constituent material to which the electroless 

plating can not be directly applied being the aforementioned 
thermoelectric semiconductor, the conductive film 3 is preferably 
formed of nickel (Ni) highly effective in preventing diffusion of tin, 
copper, and so forth into the thermoelectric semiconductor although the 

1 0 constituent material thereof is not limited particularly to nickel. 

Further, the conductive film 3 may be formed by depositing not 
less than two kinds of metallic films, one on top of another. For 
example, the conductive film 3 may be formed by depositing a metallic 
film made of gold (Au) or copper (Cu) on a metallic film made of nickel 

15 so as to have a dual-layer structure. By so doing, it becomes possible 
to prevent occurrence of cracks otherwise occurring to the metallic film 
formed of nickel when subjected to stress or thermal stress owing to 
extensibility of gold (Au) or copper (Cu), thereby enhancing reliability 
of a thermoelectric device. 

2 0 With the method described above, it becomes possible to form a 

conductive film uniform in thickness by electroless plating even on a 
thermoelectric semiconductor made of a constituent material on which it 
has been considered that the conductive film can not be deposited 
directly, so that productivity of a thermoelectric device employing 

2 5 thermoelectric semiconductors can be improved. 

An object to be plated which this method is applicable to is not 
limited to the thermoelectric semiconductor. It becomes possible to 
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form a conductive film made of a metal having a high conductivity by 
the electroless plating method even on a metal, cadmium, tungsten, zinc, 
tin, lead, bismuth, antimony and so forth, to which it has been regarded 
impossible to apply electroless plating. 

Further, instead of forming the metallic film made of the metal on 
which the electroless plating film can be deposited on part of the surface 
of the object to be plated as described above, the metal on which the 
electroless plating film can be deposited may be brought into contact 
with an object to be plated, such as a thermoelectric semiconductor, and 
so forth, and with such a contact condition maintained by use of a tool 
such as a clip, the object to be plated may be dipped in an electroless 
plating bath. With such a method as well, it is possible to obtain the 
same effect of forming a conductive film uniform in thickness on the 
entire surface of the object to be plated. In this case, a clip made of a 
metal on which an electroless plating film can be deposited may be 
brought into direct contact with the object to be plated. Further, not the 
whole, but only part of a clip, coming into contact with the object to be 
plate, may be formed of a metal on which an electroless plating film can 
be deposited. 

Furthermore, after removing the metallic film 2, and a portion 3a 
of the conductive film 3, covering the metallic film 2, shown in Fig. 2, 
the thermoelectric semiconductor 8 may be dipped again in the 
electroless plating bath. By so doing, the conductive film 3 can be 
formed on the entire surface of the thermoelectric semiconductor 8. 

Embodiments of the electroless plating method according to the 
invention for applying electroless plating to a thermoelectric device 
block will be described in detail hereinafter with reference to Figs. 3 to 



18. In these figures, parts corresponding to those in Fig. 19 are 

denoted by like reference numerals. 

First Embodiment: Figs. 3 to 8, and Fig. 17 

First, a first embodiment of the invention is described with 
reference to Figs. 3 to 8, and Fig. 17. This method for applying 
electroless plating to a thermoelectric device block represents an 
application of the electroless plating method according to the invention 
as described hereinbefore. 

Fig. 3 is a sectional view of a thermoelectric device block 11 
which is an object to be plated. With the thermoelectric device block 
11, p-type and n-type thermoelectric semiconductors 1, each in a 
bar-like shape, are alternately disposed at an interval in a range of about 
5 to 80 urn with an insulation layer 4 made of epoxy resin, interposed 
therebetween, respectively, and the respective thermoelectric 
semiconductors 1 adjacent to each other are isolated by the insulation 
layer 4. 

As with the thermoelectric semiconductors 8 described in the 
foregoing, the thermoelectric semiconductors 1 are made of an 
intermetallic compound in common use, selected from the group 
consisting of bismuth-tellurium based compound, antimony-tellurium 
based compound, bismuth-tellurium-antimony based compound, 
bismuth-tellurium-selenium based compound, or an intermetallic 
compound selected from the group consisting of lead-germanium based 
compound, silicon-germanium based compound, and so forth, although 
not limited to those mentioned above. 

The thermoelectric device block 11 is formed as follows. First, a 
thermoelectric semiconductor block (not shown) worked into a 
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comb-tooth like shape, with a plurality of grooves provided at a 
predetermined pitch, is prepared for a p-type and an n-type 
thermoelectric semiconductors, respectively. Then, these thermoelectric 
semiconductor blocks are combined with each other such that partition 
5 walls of respective grooves of the thermoelectric semiconductor block 
are fitted into respective grooves of the other thermoelectric 
semiconductor block, epoxy resin is poured into a gap therebetween, 
and subsequently, the epoxy resin as poured is cured by applying heat 
treatment thereto, thereby forming a united block. Thereafter, 
10 unnecessary parts of the united block are removed by grinding, 
whereupon the thermoelectric device block 1 1 can be obtained. 

Subsequently, by the vacuum deposition method, the sputtering 
method or so forth, a metallic film 2 is formed on the entire surface of 
one end face 11a of end faces 11a, lib of the thermoelectric device 
15 block 11, containing end faces la, lb of the respective thermoelectric 
semiconductors 1, respectively, as shown in Fig. 4. The metallic film 2 
is a film formed of a metal on which an electroless plating film can be 
deposited, that is, a metal to which deposition reaction of a metal in an 
electroless plating bath occurs. For example, in the case of electroless 
2 0 nickel plating, the metallic film 2 is formed of a metal selected from the 
group consisting of palladium, platinum, nickel, and so forth. Further, 
instead of forming the metallic film 2 by the vacuum deposition method 
or the sputtering method, the same may be formed by disposing a 
conductive resin such as a conductive paste, composed of particles of a 
2 5 metal on which an electroless plating film can be deposited and 
insulating resin, by the printing method, and so forth. 

Subsequently, the thermoelectric device block 1 1 with the metallic 
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film 2 formed thereon is dipped in an electroless plating bath, 
whereupon deposition reaction of an electroless plating film occurs to 
the surface of the metallic film 2, as shown in Fig. 5, and simultaneously, 
the potential of the respective thermoelectric semiconductor 1. relative to 
the electroless plating bath (a condition for effecting transfer of 
electrons with the metal in electroless plating bath) undergoes a change, 
so that deposition reaction of the electroless plating film occurs to the 
end face lb as well, on the side of the respective thermoelectric 
semiconductor 1, where the metallic film 2 is not formed. Thus, a 
conductive film 3 which is the electroless plating film can be formed 
directly only on the end face lb of the respective thermoelectric 
semiconductors 1. 

Then, the metallic film 2 and a portion of the conductive film 3, 
formed on top of the metallic film 2 so as to cover up the same, is 
removed by etching, as shown in Fig. 6, and thereafter, the 
thermoelectric device block 11 is dipped again in the electroless plating 
bath, whereupon a conductive film 3 can be formed selectively only on 
the end face la of the respective thermoelectric semiconductors 1, 
exposed by removing the metallic film 2 by means of etching, as shown 
in Fig. 7. With such a method as described above, since the conductive 
film 3 will not be formed on unnecessary parts such as the insulation 
layers 4, electrical insulation between the respective thermoelectric 
semiconductors 1 can be ensured, so that a highly reliable thermoelectric 
device provided with the conductive film 3 formed only on both the end 
faces la, lb of the respective thermoelectric semiconductors 1 can be 
obtained. 

Further, instead of forming the conductive films 3 on the 
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thermoelectric device block 11 as described in the foregoing, the 
following process may be adopted. First, a probe 14 made of a metal 
on which an electroless plating film can be deposited, in the shape of a 
needle as shown in Fig. 17, is caused to be in contact with a part of the 
end face lb of the respective thermoelectric semiconductors 1, or a plate 
(not shown) made of a metal on which an electroless plating film can be 
deposited, formed in a shape corresponding to the end face 11a (lib) of 
the thermoelectric device block 11, is caused to be in contact with the 
end face lb of the respective thermoelectric semiconductors 1. 
Thereafter, the thermoelectric device block 11 with the probes 14 in 
contact therewith is dipped in an electroless plating bath, thereby 
causing an electroless plating film to be deposited on the entire surface 
of the respective thermoelectric semiconductors 1, except for a part 
thereof, in contact with the probe 14. Subsequently, after separating 
the probes 14 from the respective thermoelectric semiconductors 1, the 
thermoelectric device block 1 1 is dipped again in the electroless plating 
bath, thereby causing an electroless plating film to be deposited on the 
part of the surface of the respective thermoelectric semiconductors 1, in 
contact with the probe 14. In this way, it is also possible to form the 
conductive film 3 only on both the end faces la, lb of the respective 
thermoelectric semiconductors 1. 

At the time when the previously described etching is performed, a 
photoresist (not shown) is applied to the entire surface of the 
thermoelectric device block 11, on the side of the end face lib thereof, 
shown in Fig. 5. The reason for this is because the conductive film 3 
already formed selectively on the end face lb, on one side of the 
respective thermoelectric semiconductors 1, needs to be protected by the 
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photoresist while the metallic film 2 and the conductive film 3, formed 
on the side of the end face 11a of the thermoelectric device block 11, 
need to be removed with reliability. In this connection, there is 
available a method of removing the metallic film 2 and the conductive 
5 film 3 that are unnecessary by grinding besides the etching. 

Nickel is preferably used for the conductive films 3 formed by 
electroless plating in that nickel is highly effective in preventing 
diffusion of tin, copper and so forth into the respective thermoelectric 
semiconductors 1, however, a metal for use in the conductive films 3 is 

1 0 not limited particularly to nickel. Further, the conductive films 3 may 
be formed by depositing not less than two kinds of metallic films, one 
on top of another. For example, the conductive films 3 may be formed 
by depositing a metallic film made of gold (Au) or copper (Cu) on a 
metallic film made of nickel so as to have a dual-layer structure. By so 

15 doing, it becomes possible to prevent occurrence of cracks otherwise 
occurring to the metallic film formed of nickel when subjected to stress 
or thermal stress owing to extensibility of gold (Au) or copper (Cu), 
thereby enhancing reliability of a thermoelectric device. 

Subsequently, as shown in Fig. 8, connection layers 9 made of a 

2 0 connecting material such as a conductive adhesive or a solder paste are 
formed by the printing method on the thermoelectric device block 11 
provided with the conductive film 3 formed on the end faces la, lb, 
respectively, on opposite sides of the respective thermoelectric 
semiconductors 1, shown in Fig. 7. The p-type thermoelectric 

2 5 semiconductors 1 and the n-type thermoelectric semiconductors 1 are 
alternately connected with each other, respectively, via the respective 
connection layers 9, and upon applying heat treatment thereto, the 
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respective thermoelectric semiconductors 1 are electrically connected in 
series, thereby completing a thermoelectric device 20. 

For obtaining the thermoelectric device 20 by connecting the 
respective thermoelectric semiconductors 1 in series, the method shown 
5 in Fig. 19 may be adopted. That is, the substrates 7, each provided 
with the wiring electrode 6 made of copper or gold, formed thereon, are 
prepared, and by connecting the wiring electrodes 6 with the conductive 
films 3, respectively, through the intermediary of the respective 
connection layers 5 formed of solder, a conductive adhesive, an 
10 anisotropic conductive adhesive, or so forth, the respective 
thermoelectric semiconductors 1 may be connected with each other in 
series. 

Second Embodiment: Fig.3 and Figs. 9 to 11 

Subsequently, a second embodiment of a method for applying 
1 5 electroless plating according to the invention to a thermoelectric device 

block is described hereinafter with reference to Fig.3 and Figs. 9 to 1 1. 
With this embodiment, use. is made of the thermoelectric device 

block 1 1 shown in Fig. 3 as with the case of the first embodiment, and 

for other parts such as metallic films, conductive films, an electroless 
2 0 plating bath, and so froth, use is also made of the same constituent 

materials as those used for the corresponding parts in the first 

embodiment. 

First, metallic films 2 on which an electroless plating film can be 
deposited are formed on an end face 1 la of the thermoelectric device 
2 5 block 1 1 shown in Fig. 3, on one side thereof, by the vacuum deposition 
method, the sputtering method or so forth. As shown in Fig. 9, the 
respective metallic film 2 are formed with the use of a metal mask, and 
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so forth, selectively only on a portion of an end face la of respective 
thermoelectric semiconductors 1, on one side thereof, necessary for 
connecting adjacent p-type and n-type thermoelectric semiconductors 1 
together with an insulation layer 4 interposed therebetween. More 
5 specifically, each of the metallic films 2 is formed on an end face 4a of 
the respective insulation layers 4 alternately disposed, and on a portion 
of the end face la of the respective thermoelectric semiconductors 1, on 
both sides of the end face 4a, so as to span both the thermoelectric 
semiconductors 1 adjacent to each other across the insulation layer 4 on 

10 the end face 11a of the thermoelectric device block 11, such that the 
insulation layer 4 with the metallic film 2 formed thereon and the 
insulation layer 4 without the metallic film 2 formed thereon are 
disposed in an alternating sequence on the end face 11a. 

Subsequently, the thermoelectric device block 11 provided with 

15 the metallic films 2 formed as described above is dipped in an 
electroless plating bath, whereupon deposition reaction of an electroless 
plating film occurs to the surface of the respective metallic films 2, and 
simultaneously, deposition reaction of an electroless plating film also 
occurs to the end face la of the respective thermoelectric 

2 0 semiconductors 1 with the metallic film 2 formed on (in contact with) a 
portion thereof, and to an end face lb, opposite from the end face la, as 
shown in Fig. 10. Thus, a conductive film 3 can be formed only on the 
end face la of the respective thermoelectric semiconductors 1, 
containing the metallic film 2, and on the end face lb, opposite from the 

2 5 end face la. 

Thereafter, as shown by the phantom lines in Fig. 10, a connection 
layer made of a connecting material such as a conductive adhesive or a 




solder paste is formed by the printing method on the end face lb of the 
respective thermoelectric semiconductors 1, with the conductive film 3 
selectively formed thereon, thereby alternately connecting the respective 
p-type thermoelectric semiconductors 1 with the respective n-type 
5 thermoelectric semiconductors 1. Upon applying heat treatment 
thereto, there is obtained a thermoelectric device wherein the respective 
thermoelectric semiconductors 1 are electrically connected together in 
series. 

For obtaining the thermoelectric device by connecting the 

1 0 respective thermoelectric semiconductors 1 in series, a substrate 7 with a 
wiring electrode 6 made of copper or gold, formed thereon, may be used, 
and by electrically connecting the respective conductive films 3 on the 
end face 11a side of the thermoelectric device block 11 with the wiring 
electrode 6 on the substrate 7 through the intermediary of respective 

15 connection layers 5 formed of solder, a conductive adhesive, an 
anisotropic conductive adhesive, or so forth, as shown in Fig. 11, the 
respective thermoelectric semiconductors 1 may be connected with each 
other in series, thereby completing a thermoelectric device 21. 

In contrast with the first embodiment as previously described, 

2 0 according to the second embodiment, a processing step of removing the 
metallic film 2 formed on the end face 11a, on one side of the 
thermoelectric device block 11, is not required, thereby enabling a 
process up to the completion of the thermoelectric device to be 
shortened. Accordingly, productivity in fabrication of the 

2 5 thermoelectric device can be improved. 

Third Embodiment: Fig.3 and Figs. 12 and 13 

Subsequently, a third embodiment of a method for applying 




electroless plating according to the invention to a thermoelectric device 
block is described hereinafter with reference to Fig.3 and Figs. 12 and 
13. 

With this embodiment, use is made of the thermoelectric device 
5 block 11 shown in Fig. 3 as with the case of the first embodiment, and 
for other parts such as metallic films, conductive films, an electroless 
plating bath, and so froth, use is also made of the same constituent 
materials as those used for the corresponding parts in the first 
embodiment. 

1 0 First, metallic films 2 on which an electroless plating film can be 

deposited are formed on end faces 11a, lib of the thermoelectric device 
block 11 shown in Fig. 3, on opposite sides thereof, by the vacuum 
deposition method, the sputtering method or so forth, as shown in Fig. 
12. With the use of a metal mask, and so forth, each of the metallic 

15 films 2 is formed selectively only on end face 4a, and end face 4b of 
respective insulation layers 4, in an alternate and staggered sequence, 
that is, on those where the metallic film 2 is required for connecting 
respective p-type thermoelectric semiconductors 1 and respective n-type 
thermoelectric semiconductors 1, disposed on opposite sides of the 

2 0 respective insulation layers 4, with each other, thereby connecting the 
respective thermoelectric semiconductors 1 in series. More 
specifically, each of the metallic films 2 is formed so as to span a part of 
the end faces la or the end faces lb of the adjacent thermoelectric 
semiconductors 1 with the respective insulation layers 4 interposed 

2 5 therebetween, and also, on the end face 4a and the other end face 4b of 
the respective insulation layers 4, alternately. 

Subsequently, the thermoelectric device block 11 provided with 



the metallic films 2 is dipped in an electroless plating bath, whereupon 
deposition reaction of an electroless plating film occurs to the surface of 
the respective metallic films 2, as shown in Fig. 13, and simultaneously, 
deposition reaction of an electroless plating film occurs to the end face 
la or lb of the thermoelectric semiconductors 1 without the metallic 
film 2 opposite from the end face la or lb with the metallic film 2 
formed on (in contact with) part thereof. Thus, a conductive film 3 can 
be formed only on the end face la and lb of the respective 
thermoelectric semiconductors 1, and the respective metallic films 2 

Because the respective thermoelectric semiconductors 1 of the 
thermoelectric device block 1 1 are connected in series via the respective 
conductive films 3, a thermoelectric device 22 wherein the respective 
thermoelectric semiconductors 1 are connected in series can be obtained 
without taking processing steps of alternately connecting the adjacent 
thermoelectric semiconductors 1 by forming the connection layers and 
using the substrates as with the case of the first and second 
embodiments. Accordingly, in comparison with the first and second 
embodiments, a process up to the completion of the thermoelectric 
device can be shortened, thereby improving productivity in fabrication 
of the thermoelectric device. 
Fourth Embodiment: Figs. 14 to 16 and Fig. 18 

Subsequently, a fourth embodiment of a method for applying 
electroless plating according to the invention to a thermoelectric device 
block is described hereinafter with reference to Figs. 14 to 16 and Fig. 
18. 

In contrast with the first to third embodiments, with this 
embodiment, use is made of a thermoelectric device block 15 wherein 
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the outer sidewall face of thermoelectric semiconductors 1 among 
respective thermoelectric semiconductors 1, positioned at opposite ends 
in the direction of arrangement thereof, is not coated with an insulation 
layer 4 so as to be exposed as shown Fig. 14, however, for other parts 



so froth, use is made of the same constituent materials as those used for 
the corresponding parts in the first embodiment. 

With this embodiment, a metallic film 2 is first formed on an end 
face la or lb of the respective thermoelectric semiconductors 1 in the 

1 0 same way as in any of the first to third embodiments. In the case of 
forming the metallic films 2 in the same way as in the third embodiment, 
each of the metallic films 2 on which an electroless plating film can be 
deposited is formed on an end face 4a and the other end face 4b of the 
respective insulation layers 4 of the thermoelectric device block 15 

1 5 alternately as to span a part of the end faces la or the end faces lb of the 
adjacent thermoelectric semiconductors 1 with the respective insulation 
layers 4 interposed therebetween, as shown in Fig. 14. In the case of 
forming the metallic film 2 in the same way as in the first embodiment, 
the metallic film 2 are formed as shown in Fig. 4. In the case of 

2 0 forming the metallic films 2 in the same way as in the second 
embodiment, the metallic films 2 are formed as shown in Fig. 18. 

Subsequently, this thermoelectric device block 15 provided with 
the metallic films 2 is dipped in an electroless plating bath, whereupon 
deposition reaction of an electroless plating film occurs to the surface of 

2 5 the respective metallic films 2, and simultaneously, deposition reaction 
of an electroless plating film occurs to the end face la and lb of the 
thermoelectric semiconductors 1 with the metallic film 2 formed on (in 
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such as metallic films, conductive films, an electroless plating bath, and 
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contact with) part thereof, and also to the outer sidewall face as exposed 
of the respective thermoelectric semiconductors 1 positioned on the 
outermost sides the thermoelectric device block 15 (at opposite ends in 
the direction along which the respective thermoelectric semiconductors 
5 1 are arranged). Thus, a conductive film 3 can be formed on the 
respective metallic films 2, the end face la and lb of the respective 
thermoelectric semiconductors 1, on opposite sides thereof, and the 
outer sidewall face as exposed of the respective thermoelectric 
semiconductors 1 positioned at the opposite ends except for an end face 

10 of respective insulation layers 4 without the metallic film 2 formed 
thereon, thereby enabling the respective thermoelectric semiconductors 
1 to be connected in series. 

Thereafter, after forming connection layers 19 made of a 
connecting material such as a conductive adhesive, solder or so forth, 

15 the thermoelectric device block 15 with the conductive films 3 formed 
thereon is mounted on a substrate 7 with a wiring electrode 6 formed 
thereon as shown in Fig. 16. The respective conductive films 3 of the 
thermoelectric device block 15 are thereby electrically connected with 
the wiring electrode 6, thus obtaining a thermoelectric device 23. In 

2 0 this case, with the thermoelectric device block 15 (Fig. 15), since the 
conductive film 3 is also formed on the outer sidewall face as exposed 
of the respective thermoelectric semiconductors 1 positioned at the 
opposite ends in the direction of arrangement thereof, a contact area of 
the connection layers 19 can be enlarged. As a result, connection of 

2 5 the wiring electrode 6 with the respective conductive films 3 can be 
implemented with ease, further enabling a connection condition to be 
ensured. 




With any of the first to fourth embodiments described 
hereinbefore, the surface of the thermoelectric device block, an object to 
be plated, on which the metallic films 2 or the conductive films 3 are 
formed, is preferably kept in a rough condition by various methods such 
5 as etching, sandblasting, grinding or so forth. Such a practice is more 
effective in improvement in reliability of the thermoelectric device 
because it will improve an adhesive property of the conductive films, 
thereby forming more reliable conductive films. 

Further, with any of the first to fourth embodiments described 

10 hereinbefore, it is preferable to take a cleaning process step of alkali 
degreasing, ultrasonic cleaning, running water cleaning or so forth 
between respective process steps. Such a practice is effective in 
further improvement in reliability of the thermoelectric device because it 
can further enhance adhesion between the respective conductive films 3 

1 5 and the respective thermoelectric semiconductors 1. 

INDUSTRIAL APPLICABILITY 

With an electroless plating method according the invention, it 

becomes possible to form a conductive film formed of a metal having a 
2 0 high conductivity by applying electroless plating directly even to a 

constituent material on which it has been considered that the conductive 

film by electroless plating can not be deposited directly. 

Even with a thermoelectric device block wherein insulation layers 

and thermoelectric semiconductors are alternately disposed at a 
2 5 minuscule interval in a range of several to several tens of ^m, it 

becomes possible to selectively form the conductive film uniform in 

thickness only on both end faces of the respective thermoelectric 
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semiconductors by applying the invention to a method of fabricating a 
thermoelectric device. Accordingly, the conductive films having an 
object of providing the thermoelectric device with the connection layer 
for the respective thermoelectric semiconductors, and having an effect 
5 of preventing diffusion of tin, copper and so forth into the respective 
thermoelectric semiconductors can be easily formed to a uniform 
thickness on both the end faces of the respective thermoelectric 
semiconductors, so that productivity and reliability of the thermoelectric 
device can be improved. 



